Abstract The design of approaches for supporting the user in the navigation of a variety of contents is an interesting area of research with many potential applications. In particular, interactive television (iTV) offers users the opportunity of accessing a huge amount of contents, ranging from general to specialized ones. As a consequence, the exploration of such contents must be supported in some way. In this paper, we present an innovative approach that integrates some recent methodologies and technologies developed in different areas of Artificial Intelligence and the Web: user-model-based adaptation, social networking, semantic annotation, and content sharing. We show how the integration of these technologies can provide interesting opportunities for a new approach to content navigation and discovery based on the possibility of exploring personalized networks of contents, users and concepts. Also, we focus on the specific goal of designing a platform for accessing iTV contents with the aim of providing the user with many alternative ways of exploring and discovering potentially interesting videos. After discussing the application, integrated in a project by Telecom Italia for a new paradigm of iTV, we preset the architecture we designed for integrating the methodologies discussed above.
Introduction
The work discussed in this paper is inspired by two keywords: ''contents'' and ''users'', and by a number of issues that arise when contents have to be provided to users. The specific context of our reflections was interactive television (iTV) but many considerations are more general. ICT research has always been faced with the problem of reconciling a number of positions that can be summarized by slogans such as: ''quantity is power: the more contents I offer, the better for the user'', ''quality is power: offering to users what is interesting for them'' (whatever ''interesting'' may mean here), ''offering guides to users is important'', ''discover and serendipity are important'', and so forth.
The aim of this paper is to contribute to the process of reconciliation of these often diverging tendencies. The framework we propose aims at (a) offering users of iTV a wide variety of ways to navigate contents and discover potentially interesting ones, (b) supporting users in such activities (not too intrusively), (c) making navigation an entertaining experience. A goal of the paper is to show that this can be achieved by combining some popular and emerging methodologies and techniques from research on Artificial Intelligence and the Web in a proper way.
The context
In the traditional broadcast television model the viewer is passive and only a limited, predefined list of channels can be chosen. Moreover, the availability of audiovisual contents is pre-defined by a rigid scheduling, and the user's role is limited to choosing among few alternatives. The introduction of new broadcast technologies as IPTV, DVB-H and DTT has led to considerable changes. On the one hand, the amount of available contents has strongly increased [36] . On the other hand, TV contents can now be watched from several different devices, like PCs and mobile phones. In this new scenario, the role of users changes: they are no more passive spectators limited to select contents, following pre-determined content policies and time scheduling [31] . On the contrary, they can actively select and acquire contents independently of third parties' scheduling. This is the so-called iTV [35] .
A lot of research in the last few years concentrated on the design of paradigms for supporting iTV users, who are offered with a huge variety of contents, ranging from general to very specific ones. Thus, accessing these contents, browsing them and searching for the interesting ones can become a complex task. This issue has been tackled in the literature from many points of view. Some approaches concentrated on the television medium, defining new metaphors for organizing channels or for browsing them, or new concepts of Interactive Program Guides [20, 36, 24] . Other approaches faced the problem in a multi and crossmedia setting where contents are accessible not only from television but also from other media, such as the computer (e.g., via Web in the so-called Web television) or mobile telephones [e.g., Babelgum (http://www.babelgum.com), Joost (http://www.joost.com), Hulu (www.hulu.com)].
What emerges quite clearly from the great availability of devices and television contents is that users need to be somehow supported in order to fully benefit from this opportunity. Support can involve multiple user activities, such as navigation, search, content organization, creation of a personal space, creation and sharing of contents.
DynamicTV and the inter-tainment paradigm: from television to cross-mediality
The DynamicTV project [6, 19, 33] , carried on at Telecom Italia in the last years, proposed a specific innovative paradigm for iTV, the Inter-tainment paradigm, which encompasses and merges two different concepts: technologies from enhanced TV and recommendation technologies for supporting users in navigation and facilitating serendipitous exploration. According to the Inter-tainment paradigm, not only the watching content, but also navigating among content previews is a fun activity. Therefore, the Inter-tainment paradigm is both a new interaction model for enhancing the user experience and a novel interface design for implementing such a model on the TV medium, where (1) contents navigation can be performed at any point of the viewing experience; (2) navigation is conceived as exploring galaxies of contents and the connections among them; (3) content exploration, choice and consumption are not isolated actions, but moments contextualized in the overall flow. This interaction model supports a serendipitous navigation in a network of contents. By definition, serendipity is the condition by which a person accidentally discovers something worthy, especially while looking for something else. Applied to the Multimedia content domain, serendipity means providing users with Search/Navigation, Visualization, and Fruition strategies attracting users towards the exploration of unknown, but potentially interesting contents. User studies of the prototype demonstrated the potential of this approach [33] .
This paradigm has been first developed for the television medium, but it could become even more interesting and relevant in a cross-medial setting where contents can be accessed not only from the TV, but also from the Web using a PC or a mobile phone. Thus, an interconnection among these devices is realized which provides the sensation of a single continuous user experience.
Preliminary analysis
In order to understand the television context and discover users' needs and requirements, preliminary studies were carried out at the beginning of the project [19] .
First of all, an analysis of television, videogame, and peer to peer (p2p) users was made. It has shown that a large part of television users (about 35%) was bored with traditional television system and was looking for alternative ways of entertainment. People belonging to this group were also people who liked playing videogames and using peer to peer systems. Then a comparative analysis of four enhanced TV services was conducted to discover standard the facto, best and worst practices in the design of iTV systems. Later, some studies on peer to peer systems were made (a heuristic analysis of the three most common p2p systems and two focus groups with typical p2p users) in order to understand p2p users' behaviours and needs and to detect some interesting characteristics that may be positively responded to in the design of interactive TV systems.
Results of these preliminary analyses were then transformed into simple guidelines for the design of the new interactive TV system. The most important guidelines are listed here:
• Overcoming the limitations of traditional Electronic
Program Guides (EPGs); • Need of an innovative and enjoining way of interaction, but without losing well-established practices and always having the opportunity to come back to a ''well-known'' place (the personal space or the home page); • Encouraging the serendipity;
• Protecting the user from fake content (non-wanted contents); • Non-intrusive personalization;
To satisfy all the requirements discovered during the preliminary analysis it appeared necessary to project a complex system where functionalities could be available on different devices, not only TV. In fact, even if DynamicTV itself offered an innovative and immersive way to explore television contents, overcoming traditional EPGs limits, moving to a multi-media context, where contents can also be accessed on a website (both on PCs and on mobile phones), it is possible to imagine many other innovative ways of navigation and entertainment, and maximize the serendipity goal. Moreover, the web can be the perfect place where users realize their need for customization, quickly setting their own preferences in the personal space and populating it with their favourite contents in order to access them later, in a more relaxing way, on TV.
The iDYNAMIC-TV framework
iDynamicTV originated from the goal of supporting (and in a sense enriching) the Inter-tainment paradigm in a crossmedial setting, where television contents can also be explored using a Personal computer or a mobile phone. iDynamicTV is a web-based system which aims at being more than a mere PC (Web) companion for DynamicTV. Together, in fact, iDynamicTV and DynamicTV constitute a full-fledged cross-medial system, where users can exploit the advantages of multiple media for different forms of navigation and where they can move across different media, yet preserving a unique personal space with their selections of contents and friends.
The second goal is to exploit the peculiarity of the interaction via computer (via Web) to experiment a new modality to support TV users, for example by means of adaptive presentation and content personalization.
Our ultimate goal is to create a playground for experimenting different forms of navigation and the discovery of contents. In this way, we aim at extending the Inter-tainment paradigm mentioned above, introducing new opportunities for entertaining users during content exploration.
In order to achieve this goal, we singled out a number of relevant recent research trends in the areas of Artificial Intelligence and the Web:
1. Content sharing applications (such as YouTube), where communities of users can share contents which can be navigated in multiple ways (e.g., via taxonomies after a categorization or via folksonomies 1 after user annotation); 2. Social networking applications (such as Facebook), where networks of users can be navigated and explored with the aim of sharing information and discovering friends; 3. Personalized applications, which maintain an explicit user model and exploit it in order to support personalized navigation and/or recommendation [11] ; 4. Semantic web applications, where annotation of contents supports more advanced forms of categorization and search [2] .
The iDynamicTV framework mixes these ingredients in an innovative and peculiar way.
From content sharing applications we borrowed the idea that contents can be organized in multiple ways by a community of users. In particular, annotations and tagging give rise to folksonomies, which allow each user to aggregate and then navigate contents in a personal way, alternative to a taxonomic categorization based on genres.
From social applications we derived the idea that networks of users can be created, based on different types of social relationships. Friends and groups in applications like Facebook are a powerful way to share information. We will further introduce other forms of social aggregation (networking).
From personalized applications, based on user modelling, we derived the idea that a model can be created for each user, according to their user actions in the system, and that such a model can be used for personalizing the interaction, e.g., for recommending contents.
From semantic applications we borrowed the idea that the semantics of the terms adopted by users to annotate contents and other users can provide useful information about users themselves, both for user modelling [15] and for the creation of social networks.
The result is an innovative framework, in which we introduce a new notion of mixed social network, i.e., a network including both people and contents. This opens new dimensions of navigation and discovery for users, and creates a new direction for social software bridging the content-centred approach (à la YouTube) and the usercentred approach (à la Facebook). In our framework, further interesting opportunities arise when the semantic and personalization techniques are added. The social behaviour of users provides the important information to build and maintain their user models, and at the same time, the explicit presence of a user model allows the system to create a variety of social relationships between users. Moreover, it allows the system to behave as a social 1 Folksonomies are aggregations of contents based on the terms adopted by users to annotate them.
Supporting content discovery and organization 201 recommender exploiting both user models and social networks to support users in personal navigation experience. Exploiting the semantic model of the domain (of the contents and of the users' preferences) offers a new leverage on all the aspects discussed above, e.g., the management of contents, the management of the users' preferences in the user models, the creation of semantic links between users and contents, hence the creation and management of networks of users and contents. The paradigm, we propose, is an evolution of our previous experiences on user adaptive and social applications. In particular, it extends the framework adopted in iCITY, a guide for exploring cultural events in the city of Torino we have developed in the last years [14] . Evaluation with users has shown that this paradigm can provide significant advantages since it combines the peculiarities of a Web 2.0, participative and social approach with the support that can be obtained from adaptation based on user modelling. The framework of iCITY has been further developed in iDynamicTV by considering novel combinations of the four ingredients mentioned above and by taking into account the peculiarities of interactive television.
Structure of the paper
In the following sections we first discuss how the framework we introduced provides the users with different forms of navigation (Sect. 2). The architecture of the systems is illustrated in Sect. 3. Section 4 presents an experimental evaluation. Section 5 offers an overview of the related research work. Finally, Sect. 6 concludes the paper.
iDynamictv functionalities
The iDYNamicTV framework offers a wide range of functionalities to users.
• Different modalities of navigation. In particular, contents and users are organized in different types of personalized networks and users can explore such networks to discover contents and to explore the contents visited by other users.
• Social annotation facilities. Users can annotate (tag), rate and comment contents and other users. • Creation of contents. The framework provides tools that support the creation of playlists and content mashups, starting from existing videos or clips extracted from other videos. The discussion of these tools, however, is beyond the scope of this paper.
• Personalization functionalities. User can also take advantage from a personalized interaction with the system. iDynamicTV maintains the explicit user model with information about user preferences and interests, which are used to recommend contents. The categories and the items that best fit users' preferences and interests are presented at the beginning of the content list or explicitly suggested to the user. However, no categories or items are excluded. This helps the user in exploring a vast space of contents, without preventing access to the whole space. The user model is maintained up to date by tracking the users' behaviour and analysing the actions they performed (e.g., the contents they tagged or bookmarked, the comments and ratings they added). Moreover, personalized networks of users are automatically created by the system, based on the users' behaviour and on their models. For example, networks can be defined moving from the similarity of user models, or from users' behaviour, or from users' reputation (see Sect. 2.2).
In the next section, we analyse in more detail the main functionality of the systems, i.e., the innovative navigation modality.
Offering different forms of navigation with iDynamictv
iDynamicTV supports different forms of navigation aimed at discovering potentially interesting contents. In the following we discuss some of them, illustrating the opportunities they offer to users. We group the navigation types as follows: -Navigating contents. Users can start from a set of contents (e.g., a video in their personal space or a video suggested by the system), and then move across the network of the related contents. -Navigating users. Users discover potentially interesting contents also via other users. More specifically users can navigate different social networks and then explore the profiles of the other users to discover the contents they like. -Navigating tags. Users can also select tags to explore the tags, the contents or the other users associated with that tag.
-Navigating the personal space. Users can create the personal space which may include contents bookmarked during one of the navigation paths discussed above, or videos and playlists created by the users themselves. As we shall see in Sect. 2.4, the personal space is accessible also from the traditional TV medium. This makes the personal space the candidate starting point for exploring contents in the TV interface, establishing a link across different media.
As we shall see users can switch naturally and at any time between these forms of navigation. Figure 1 contains a picture of the home page showing the alternative ways to start navigation, which are presented to the users in the left part of the interface. In this figure and in the following ones we couple a scheme showing how the interface is logically organized with an actual screen capture. Since it is difficult to gather all the active parts of the interface in one screen, the actual capture can be regarded as an example, while the scheme provides a complete description of the logical organization of the interface.
Navigating contents
The first path of navigation allows users to browse the network of contents (Fig. 2) . In particular, there are two main options to start this navigation.
Navigating contents via taxonomies. Contents are classified in categories (genres) and the user can explore this taxonomy. This is the first point where adaptation can support the user in the navigation: the ordering of the categories in the taxonomy, as well as the contents at each level are based on user models. In this way the system recommends the categories and, for each category, the items that are most interesting for individual users, given their user models. In Sect. 5 we will comment on how user models are created and updated by the system, given the actions performed by users. Note that we used ranking as the form of adaptation. This means that we provide users with system suggestions, but we do not prevent them from exploring the whole space. In other words, we support users without limiting their exploration possibilities. Navigating contents via folksonomies. Contents are grouped via common tags given by users. Users can navigate tag clouds (presented to them in the right part of the interface, see Figs. 2 and 3) and then explore the videos associated with each tag, as it is common in many Web applications. Differently from most such applications, contents associated with a tag are ranked based on the user model. Different tag clouds are presented to the users: -their personal tag cloud (the tags inserted by the individual users); -the cloud of the tags used by members of their social networks; -the cloud of the tags used by the whole community -the cloud of the tags used by the users similar to them (similarity between users is computed by the system based on the user models, as we will discuss in more detail in Sect. 4).
In this way, we support the users in navigating tags, both with the ranking and the clustering of tags.
The central part of the interface presents the list of videos ranked by the system according to the user model. Once a video is selected, the following related information is displayed (the grey box in the scheme in Fig. 2 and the second screenshot in Fig. 3 ):
-Description of the video and associated metadata (e.g., author, directors and actors in case of movies, etc.). -Comments and ratings added by the community or by specific users or groups of users (e.g., friends, similar users, leading users or opinion leaders). -Tags associated with the video by the whole community of users or by specific groups of users (see above). Users can then play, rate, comment, tag or bookmark a video, thus adding it to their personal space. Moreover, the system keeps track of all the videos explored by individual users and builds personal playlists containing these videos for them. Playlists can be edited by their owners at any time.
Navigating users
The second mode of navigation is aimed at supporting the discovery of contents via social networks, i.e., by exploring contents bookmarked, inserted or tagged by other people (friends, opinion leaders, users with similar preferences, trusted users, etc.).
There are two main options to navigate users (Figs. 4, 5): navigating users via social networks or via tags.
Navigating users via social networks. The following networks (created by the users themselves or by the system) are available and accessible in the second box on the left in Fig. 4 : -Networks of friends: Users can create a list of friends, or they can import existing ones from other external social applications, like Facebook. -Networks of users belonging to the same group: Users can participate to different thematic groups, such as the group of fans of a specific actor. -Networks of similar users: Given all the user models, the system computes a degree of general similarity between users and determines a group of users that are most similar to a target one (see Sect. 5). Note that the presence of user models allows us to compute this degree of similarity in a very precise and reliable way (relating to specific users features), more precisely than in systems that only exploit user behaviour for computing similarity (e.g., ranking, as it is common in collaborative filtering). -Networks of users sharing a similar behaviour: Users who bookmarked similar contents or have similar contents in their personal spaces or give similar ratings to bookmarked or viewed contents belong to these networks. -Networks of users sharing a feature: Users can choose to navigate a network of users that share a specific feature (e.g., profession, age, city, etc.) or personal tags (this is possible since users can be tagged, as it will be explained below) with them.
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Accessing the personal space Navigating users via tags. Users can describe themselves by means of a tag cloud. Moreover, they can be tagged by other users. Thus, given a word, the system can find the users that defined themselves with a given word or that have been tagged with it (or with a semantically similar one). These tag clouds are in the right part of the interface (see Figs. 4, 5) .
Once a user is selected in one of the available networks, the following information is displayed (see grey box in -Tags associated to the user by other users, displaying in different colours the tags inserted by friends, by similar users, etc.; -The list of friends of the user; -The lists of similar users and of users with similar behaviour or sharing some features with the current user. -The list of contents that the current user has uploaded (either created by oneself or not), stored (i.e., bookmarked and brought to his personal space or stored in public playlists), and annotated (i.e., commented, rated or tagged).
Moreover users can tag other users or insert them in their networks of friends.
In this way it is possible to navigate the network of users and once a specific user is selected, the contents that this user liked (or bookmarked or annotated) can be discovered by other users in the network. Thus, users become a mean to support content discovery in a more appealing and amusing way, in compliance with the Inter-tainment paradigm.
Navigating tags
Tags are a way to annotate contents and users by means of keywords. Our system creates networks of tags by taking into account aspects such as the meaning of the tag or the fact that tags co-occur in the annotation of some users or contents. We then allow users to navigate the networks of tags as another means to discover potentially interesting contents in an entertaining way. The logical scheme of interaction is displayed in Fig. 6 .
In this way, tags are the starting point of the exploration. They are divided into four clouds: the tags utilized by the users themselves (to annotate contents or other users), the tags used by their friends, those used by similar users, and finally those used by the whole community.
Once a tag X is selected, users can explore (1) the contents which the tag X is associated to (switching to navigation of contents) and (2) the users, whom the tag is associated to (switching to navigation of users). In this case we distinguish two sub-cases: -the users who used the tag X to define themselves in the public part of the profile, -the users whom the tag X has been associated to by other users, These are the two ways to start from a tag and then move to the navigation of contents or the navigation of users, respectively.
Given the tags and the way they are used, the system builds some networks of tags which can be navigated by users. In particular, for each tag X the system computes some correlations, based on co-occurrences and on semantic similarity.
Correlations based on co-occurrence. The system determines the tags that co-occur with the tag X in the annotation of some content or user. In particular, it distinguishes several cases: -tags that the current user utilized frequently together with X, -tags that the friends of the current user utilized frequently together with X, -tags that the users similar to the current user utilized frequently together with X, -tags that the whole community utilized frequently together with X.
In this way we have several networks of tags that the user can navigate.
Correlations based on semantic similarity. Similarity is computed by exploiting ontologies. In particular, we exploit the taxonomy provided by the Italian version of the Wordnet (http://wordnet.princeton.edu/) vocabulary. In particular, given the tag X the system can determine tags similar to X by looking first at synonyms of X, then at hyponyms or hyperonims of X, finally at siblings of X (hyponyms of hyperonims of X). In this way the user can navigate from a tag to tags semantically similar to it. We also determine tags whose meaning is opposite to X (antonyms) as a further opportunity of navigation.
These networks of tags computed by the system become further support for the navigation and the discovery of contents. Indeed, users can navigate by exploiting tags and, at any time, move to the contents associated with a given tag. Figure 7 shows an example of a tag, the content associated with it and the correlated tags (on the right).
Navigating personal space
Users can store references to contents and users in their personal space. Besides being an important action for inferring information about user preferences, the creation of the personal space is also important for establishing a link between the Web navigation and the navigation on the TV medium. Indeed, the personal space is accessible also from the TV, thus becoming one of the starting points for exploring contents in the TV interface. The personal space is thus the link for navigation across multiple media. The idea is that users can exploit the power of navigation on the Web to discover potentially interesting contents, which are then stored in their personal space. These contents are then played by accessing the personal space from the TV. Similarly, a user can bookmark a video when watching it on TV and then use it as a starting point for the navigation on the Web.
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Accessing the personal space Tag1   TagK   Tag   Tags used together  Similar tags Users who defined themseves with the tag Users to whom the tags has been associated by other users Users who used the tag Videos to which the tag has been associated In the personal space users can inspect their user models and also change parts of it if they do not agree with what the system has inferred about their preferences. This is in compliance with a scrutable user model vision [27] . Moreover, users can decide which parts of their profile will be made public, i.e., accessible by all users, which parts will be social (accessible only by particular social networks, e.g., by friends or by similar users) and which parts will be completely private.
In the personal space users can also provide their self portraits by means of tag clouds. Moreover, users can modify the networks of their friends, possibly importing their lists of friends from other platforms.
Finally, the personal space includes also information about the users' bookmarks, their playlists and the tags they used.
Use case
In this section we provide a use case as an example of the different types of navigation that a user can perform and, in particular, of the opportunities provided by the possibility of switching between various navigation modes. It is important to keep in mind that the ultimate goal is to discover potentially interesting contents in an entertaining way, supporting serendipitous navigation and discovery.
Let us consider a user named Giulia. She is a 32-yearold Italian teacher, who likes travelling, fashion and doing sport. At the beginning of the interaction with the system, she provides such information to the system, which inserts her in the initial stereotype of ''Dolphin'' (see Sect. 4 for a description of the stereotypes used in the system). According to such a stereotype, she probably likes watching documentaries and talk shows, but also programmes about dressing, make up and fashion. Thus, she is probably very interested in the categories Culture and Entertainment.
As a consequence, the systems suggests to Giulia a set of contents belonging to such categories: some videos about wild nature and animals (belonging to the category Culture-Nature), a video about a new talk show (belonging to the category Entertainment-Talk show), or some videos about travelling in foreign cities (belonging to the category Culture-Leisure time).
Giulia starts navigating the contents the recommender system suggested to her. In particular, she watches a video about New York. Afterwards, she explores Paola's profile, a user who bookmarked the same video. In this way she moves to the navigation-by-users mode and can discover another interesting video relating to Manhattan in the list of those preferred by Paola. Then, she starts navigating Carlo's profile, a user the system considers similar to her since they both belong to the same stereotype. Browsing Carlo's profile Giulia discovers an interesting video about the New York Marathon that she watches. She rates it positively and bookmarks it. After that, Giulia moves to explore the videos that share the tag ''running_competition'' with the starting video. In this way, she moves to a navigation-bytags mode.
Giulia may also start the exploration of contents from her network of friends (navigation-by-users mode) and look at the tags they used to annotate the videos. She could select a tag (like ''outdoor_sport'') and explore the contents associated with it. She could then look for semantically related tags (like ''jogging'', ''cycling'') and explore other contents or users associated with these tags. She could explore the profiles of the users that have inserted these tags and watch the videos about other running races in the public playlists of such users. At any time, Giulia has the possibility to explore her playlist, containing all the videos she has previously explored. In fact, she edits the video about New York marathon adding some comments, decides to store it in a playlist and to make it publicly available to other users. She also decides to suggest that video to friends that she knows can be interested in it.
Finally, after having bookmarked some videos and having brought them to her personal space, Giulia decides to switch from a Web-based navigation to a TV-based one, starting from the videos in her personal space.
All these activities are tracked by the system and used to update the user profile according to the user behaviour that reveals some user interests. After all these activities, the system can update the user model of Giulia, since it can infer some information from the behaviour Giulia showed in the interaction with the system. In particular, since Giulia watched some videos about American cities, and since she rated positively and bookmarked video about running, the system can now infer a high interest in American cities and in running. Thus, the system increases in the user model the value of the interest in the categories Culture-Leisure time, as well the interest in running. As a consequence, next time Giulia accesses the system, the system will recommend to her some videos belonging to such categories.
3 Behind the scene: architecture of the system
In this section we briefly overview the architecture of iDynamicTV focusing, in particular, on the modules that support the activities described in the previous sections. Figure 8 represents the main modules and their relationships during the run-time of the system, as well as the knowledge and data sources used. In the following, a brief description of the structure and functionalities of the modules will be provided with some comments on how they are implemented.
Knowledge bases
The knowledge bases are completely declarative and are handled by dedicated modules. In this way, modules which need to access a certain knowledge base actually interact with the corresponding dedicated module, without being aware of the details concerning knowledge representation. iDynamicTV uses two main databases, the Content DB and the User Model DB:
The Content DB contains all the references to the videos. Videos are divided into categories (based on a standard classification of TV contents, see below the comments on the domain ontology): for each video, several pieces of information are recorded, such as: -Meta data, depending on the category of the video (e.g., for a movie, information such as the director, actors, duration, summary, production). -The tags associated with individual users by themselves and by other users. -The personal space of each user, e.g., the lists of the videos they bookmarked and brought in their space and their playlists. -Information related to social networks; for example, the list of friends of each user.
A Domain ontology is used to describe the domain in terms of a taxonomy of video genres based on the standard for TV content Mdb and Tv-AnyTime. The top classes of the taxonomy are the following: Film, Culture, Information, Entertainment, Music, New, Fiction, Sport, ChildrenMovie. Each class has some subclasses: for example, Concerts, Music_Events, Videoclips, Music_programme are subclasses of the class Music; Cartoon, Film&Telefilm, Didactics are subclasses of the class Children.
The main goal of the ontology is to provide a standard classification of the TV and video contents (by means of the isa relation: for example, ''A room with a view'' is a Film, ''Dumbo'' is a ''ChildrenMovie''). In order to do so, it is used as a reference for these two databases, i.e., all the objects in the database refer to ontology to indicate the class they belong to.
Moreover, the domain ontology is used also for defining user modelling scope. In fact, the user model is an overlay on the classes of the domain ontology, thus the interest of the user is referred to the objects belonging to the domain ontology (i.e., the system stores the value of the interest for the user in each of the classes and subclasses). For example, interest in Sport may be low and interest in Information high.
iDynamicTV also exploits a semantic dictionary (ItalWordNet, an Italian version of Wordnet [30] , which is used by other modules to relate the semantics of the terms (mainly the tags), in order to disambiguate users' annotations and to compute semantic distance between concepts. This distance is used to allow tag navigation based on semantic similarity (see Sect. 3.3) and could also be exploited for improving the assessment of user similarity (see discussion on user similarity in Sect. 4 
.2).
Finally, iDynamicTV exploits the log of the actions performed by the users in order to update and revise the user model (see below).
Reasoning modules
The following reasoning modules can be recognized in Fig. 8: -User modelling module: Its main role is to maintain the models of the users.
• An initial user model is created exploiting stereotypes. The stereotypes, derived from the data from Italian social research institutes, Eurisko and AUDITEL, classify the Italian population according to life styles, cultural interests and television preferences. For example, one of the possible stereotypes is ''housewife'': people corresponding to this stereotype are for the most part women around 45 years old, having low or average education and living in middle-sized and big towns in the Northern Italy. As for television contents, ''housewives'' watch romantic fiction to have a break from everyday life. A dedicated submodule working offline is in charge of matching users against these stereotypes based on a simple syntactic comparisons between the data users provided at registration time (e.g., their gender, age, profession, hometown, etc.) and features of the stereotypes. Thus, stereotypical information about their preferences for television contents becomes available. The initial user model inferred from the stereotypes includes a probability distribution of the user interests in each category and subcategory of contents.
As an alternative to stereotypes, the user model could be initialized with average values for each category and subcategory. In this way, however, the system would behave the same with all users at early stages and information collected at registration time would be unused.
• The model is then updated periodically based on tracking of the user's behaviour. Moving from the idea that actions can be considered indicators for user interests [28] , a specific submodule is in charge of tracking all the actions users performed (e.g., categories they visited, movies they played and/or bookmarked and stored in their personal space, ratings, tags they inserted). We considered that different actions may reflect a different level of interest [28] . For example, the fact that a user frequently visited a category of contents may indicate a certain interest for such a category, but the fact that this user gave positive ratings or used tags corresponding to positive evaluations is a stronger evidence of interest. The fact that users bookmarked contents or brought them to their personal space is an even stronger evidence. Thus, different weights are assigned to different types of actions, based on our previous experience with iCITY [14] . For example, a weight of 0.3 is assigned to the action of selecting a video and viewing its related information, while weights of 0.8 and 0.9 are assigned to tagging and bookmarking a video, respectively. A distribution of probability of the users' actual interest in the various categories and subcategories of contents (i.e., a distribution emerging from usage) is periodically computed from statistics which are mainly based on a weighted count of user actions in the last period. Such a distribution is then combined with the one stored in the user model. More specifically, we perform a weighed average of the two distributions with weights varying over time:
where d 1 is the distribution in the current user model, d 2 is the distribution computed after usage analysis and w 1 and w 2 are their respective weights. At the early stages, when d 1 comes from the stereotypes, we set w 2 [ w 1 (we favour usage over stereotypes); then w 1 progressively increases (and consequently w 2 decreases) to favour a consolidated model over usage statistics. More specifically, weights are slightly updated (in an amount equal to 0.01 points) after each user model update, until a stable status is reached where w 1 = 0.9 and w 2 = 0.1. Thanks to user model updates, old user preferences tend to be forgotten and new ones can be taken into consideration. Notice. However, that old preferences are forgotten very quickly in the first phases, when the user model is only starting to form, while they are much more persistent later, in that they reflect a time-validated distribution, which cannot be overridden by an abrupt and possibly momentary change in user preferences.
• A submodule of the user modelling subsystem (similarity module) is in charge of calculating similarity between each pair of users. Computing similarity takes into account two different measures: the distance between the two probability distributions associated with the models of the pair of users and the semantic distance among the tags used by these two users on contents. The first measure is based on a variation of the deviation standard formula that evaluates the distance between the two user models:
where user1 and user2 are two generic users, interests is the number of different possible interests (corresponding to the number of subcategories) and user[i] is the interest value for the ith subcategory. The second measure (semantic distance) follows the intuition that if two users use the same tags on the same set of contents then they have the same interests. There are different approaches to evaluate this correlation:
1. counting the numbers of tags users have in common; 2. counting the number of tags users have in common for every content; 3. estimating the semantic distance using a lexical database such as WordNet for every pair of tags used by users; 4. estimate a semantic distance using a lexical database such as WordNet for every pair of tags used by users on every specific content. The first approach is the simplest one, but counting the number of common tags can be considered a good approximate indicator of similarity based on tags. Counting the common tags used for a certain content would allow to improve this approach; in this way, however, it is necessary to normalize the number of tags and aggregate by contents. The latter two approaches are based on actual semantic distance between tags (calculated based on the distance between terms in a lexical tree). The distance can be evaluated between all pairs of tags or only between those that are used for the same content; also in this case, the data must be normalized and aggregated. For simplicity we use the number of co-occurrences of tags (approach 1), but it is possible to improve the accuracy of tags correlation. The two similarity measures (user model-based and tag-based) are combined to calculate the final value of similarity. If this value rises to the similarity threshold (set to 0.7 on 1) then two users are considered similar.
-Adaptation module. This module is in charge of extracting contents from the content DB, according to the user request which it was forwarded by the Dialog Manager (see below). However, its main responsibility is to implement adaptive behaviour, that is, this module is responsible of personalizing the user experience. Two main dimensions of personalization are considered:
• Recommendation of contents. This module is in charge of ranking categories of contents or even specific items (which were extracted from the Content DB), based on the user model. It takes into account:
• Users' interests: the user model contains a probability distribution of the users' interests in the categories and subcategories of contents. This is used to provide the first ranking of the categories and the subcategories themselves.
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• Rating: the average rating of each item is then used to rank items inside categories and subcategories.
• In the ranking of items, the system also takes into account whether an item is related in any way to the user's preferences (personal space). For example, items whose tags occur in the list of tags used by users to define themselves receive a reward; similarly, items which have tags in common with items in the user's personal space receive another, smaller reward. The output of this process is a ranked list of categories and subcategories, with a ranked list of items in each category. This ranking is exploited to recommend categories and contents to users. Notice that the system only defines an ordering and no category or item is excluded. This is consistent with the idea that users must have the opportunity to discover all contents and that recommendation should only support the user in the navigation process.
• Presentation adaptation: This module personalizes content presentation and provides an appropriate layout according to the type of device used to access the system (the device is identified by analysing the user request). The current layout was designed based on standard HMI and web design practices and was not explicitly assessed in the system evaluations. The input of the Presentation Adapter is represented by the ordered list of contents defined by the Recommender Module, while its output is an enriched XML object, coupled with an XSL stylesheet, which are combined in order to generate an XML-based document that can be given as input to the Dialog Manager. At the moment, the output is an XHTML document linked to a CSS stylesheet that can be conveniently visualized on any desktop or laptop PC. Thanks to the Presentation Adapter, however, iDYNamicTV can be very easily adapted to different devices. In particular, a simplified layout is under development for accessing the system on PDAs and smartphones, which takes into account factors like screen size and input modality. In this case, the output of the Presentation Adapter will be an XHTML MP document linked to a corresponding CSS Mobile Profile stylesheet.
-Social Networking module. This is the module that builds the various types of social networks discussed in the previous sections. It exploits the user modelling module (specifically, the similarity module) to build networks of similar users. It also exploits user annotations and the participative actions, together with Wordnet, to build networks of users sharing some common behaviours (e.g., using the same tags, viewing the same contents, bookmarking similar contents). It accesses the users' profiles to build networks of friends. Finally, it determines the reputation and popularity of users, singling out the various types of leading roles mentioned in the previous section. Reputation is computed by taking into account the tags associated with a user and the ratings that the contents inserted by the user received. The other leading roles are computed based on statistics on the system usage. -User annotation module. This module manages all the participative actions performed by users, such as the insertion of comments, the actions of tagging and of rating contents (or other users). By exploiting Wordnet, it performs the first analysis of the terms contained in the user's annotations and comments, removing those that contain blacklisted words or their synonyms. It also determines whether tags correspond to a form of qualification or evaluation of the tagged objects. This is useful, for example, in case of tags associated with users, to determine user reputation (see above). This module is also in charge of building networks of tags, after computing:
• matrices of co-occurrences of tags;
• similarity between tags (based on their distance in the taxonomy of Wordnet) (Sect. 3.3). The resulting associations of tags define the networks exploited in the navigation of tags mode.
-Dialog Manager: It manages the interactions between users and the system, being the only point of inputoutput. More specifically, the Dialog Manager is implemented with a Java Servlet which receives a request from the user, forwards it to the appropriate module and sends the response it provides to the user. Output from the adaptation module is provided to the user according to the style selected in the interface adaptation process.
As far as concrete implementation choices are concerned, only open-source tools conformant with Web standards were utilized. In particular, the system exploits the Java Servlet technology, in an Apache Tomcat environment, while data are stored in a MySQL database. Google Maps, available through public APIs, were chosen for visualizing user and content location. Standard Web technologies (XML, XSLT, XHTML, CSS) were used to produce and present user interfaces.
Evaluation
iDYNamicTV evaluation is twofold. On the one hand it is aimed at obtaining useful insights with respect to the whole user satisfaction regarding the new TV experience provided by iDYNamicTV. On the other hand it has the goal of assessing the accuracy of the adapted contents. To this purpose we tested the system under real conditions with real users performing real tasks. Users were then asked to report explicit opinions by means of a questionnaire which was analysed both quantitatively and qualitatively.
Subjects. We selected a group of 50 users, 23-40 years old, 30 females and 20 males, among colleagues and friends. All users were target users of the system: skilled computer users, frequent Internet users, familiar with technology, living in the city of Turin. Notice that subjects were selected according to an availability sampling strategy. We asked them to register into the system and to use the ''desktop version'' of the system every day for 2 weeks. We did not give any instruction, since we did not want to influence the testers with our suggestions.
Procedure. After this period, users compiled the questionnaire. The questionnaire was distributed to users starting at the end of March 2009 for a period of 15 days. All the 50 registered users were invited by email to compile it.
In order to fill in the questionnaire, users were required to login into the hosting page inserting the login credentials they used for iDYNamicTV. To foster the access to the questionnaire, the invitation email included also a reminder of his/her login credentials. The questionnaire could be compiled by every user just once.
Among the 50 registered users, 47 compiled the questionnaire. The questionnaire was partitioned into 2 sections and included 13 questions.
The first section was aimed at collecting some sociodemographic information from the users. Among the 47 users, 18 were male and 29 female, with an age distribution ranging from 15 to 54 years old. The detailed age distribution was: 10% 15-24, 36% 25-34, 21% 35-44, 32% 45-54. The level of education was high: 55% graduate, 37% high school, 8% junior high school.
The second section included 10 questions aimed at assessing the quality of the usage experience with iDYNamicTV. The issues addressed by the questions are described in the following:
• Two questions were about user perception of adaptation and the recommendation accuracy: 68% of the users declared that it was clear that the content of iDYNamicTV was recommended on the basis of user's interests, while 32% of users stated the opposite. When users have been asked if iDYNamicTV had really suggested events matching their interests, 16% said never, 49% sometimes, 34% often, 1% always. The medium value is sometimes, and the standard deviation is 0.98; • As far as user-generated content is concerned, 69% of users declared that they had actually noticed that some of the events had been posted by other users; among them, 41% considered these events more interesting than those provided via the official source and 59% found no difference. However, 31% of users apparently did not perceive the presence of user-generated content at all; • A further question asked users to provide an overall rating of iDYNamicTV. The possible scores were ranging on a Likert scale from 0 to 5, where 0 indicates an unsatisfactory rating, while 5 indicates an excellent rating. The analysis of results showed that users were quite satisfied with the experience with iDYNamicTV: 43% assigned the grade 3, 21% assigned 4, 13% assigned 2, 12% assigned 5, 6% assigned 1, 4% assigned 0. The medium value is 3.07 and the standard deviation is 0.25; • To assess the recommendation accuracy, users were asked to express a rating towards a set of television categories, such as \Information'', \Culture'', \Movies'', \Music'', \Sport'', \Entertainment'', by assessing them on a scale ranging from 1 to 10, where 1 indicates minimum interest and 10 indicates maximum interest.
We have compared these explicit ratings to the system's predicted ratings for each users in order to calculate accuracy of the predictions. To this purpose, we have exploited a well-known accuracy metric: the Mean Absolute Error (MAE) [26] which measures the average absolute deviation between a predicted rating and the user's true rating for that value. The obtained value was 0.06, which can be considered as a good value.
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• Finally, two questions were aimed at verifying if the different forms of navigation provided by iDYNamicTV supported users in discovering potentially interesting content. To this purpose, users where asked to provide a rating indicating how much every typology of navigation was considered useful to discover and access iDYNamicTV content. The possible scores were ranging in a Likert scale from 0 to 5, where 0 indicates unsatisfactory rating, while 5 indicates excellent rating. The medium scores for every type of navigation were: navigation through content (3.07); navigation through users (2.7); navigation through tags (4.2); navigation through the personal space (3.9).
In order to verify the reasons why the different types of navigation have been perceived by the users helpful or not to access content, users were asked to choose one or more possible reasons among those listed while assessing the ratings upon every form of navigation. The possible answers were:
(1) useful because it supports finding unexpected interesting content; (2) useful because it supports finding the searched content quickly; (3) not particularly useful; (4) completely useless.
The analyses of the results showed that users in general appreciated the proposed types of navigation and consider them useful, especially for supporting the discovery of interesting content, in a serendipitous navigation perspective.
More specifically:
-navigation through content: (1) useful because it supports finding unexpected interesting content (41%); (2) useful because it supports finding the searched content quickly (52%); (3) not particularly useful (7%); (4) completely useless (0%); -navigation through users: (1) useful because it supports finding unexpected interesting content (35%); (2) useful because it supports finding the searched content quickly (21%); (3) not particularly useful (25%); iv) completely useless (19%); -navigation through tags: (1) useful because it supports finding unexpected interesting content (54%); (2) useful because it supports finding the searched content quickly (33%); (3) not particularly useful (6%); (4) completely useless (7%); -navigation through the personal space: (1) useful because it supports finding unexpected interesting content (15%); (2) useful because it supports finding the searched content quickly (61%); (3) not particularly useful (11%); (4) completely useless (3%).
Quantitative analysis. Considering the data we have collected through the above presented questionnaire, a qualitative analysis has been performed. Specifically, we adopted a two-step analysis. As a first step, we determined if any correlation exists between overall user satisfaction and system features. As a metric we used Pearson correlation and Spearman Rank correlation measures.
Setting the level of significance p = 0.01, we found that:
• There is a strong and significant positive correlation between overall satisfaction and perceived usefulness of the navigation through the personal space (r = 0.859), i.e., knowing the value for one of the variables for a certain user would allow us to predict the corresponding value for the other variable quite accurately. If perceived usefulness of the navigation through the personal space increases, overall satisfaction also increases. Similar (even if less strong) relationships were observed for usefulness of the navigation through content and perceived accuracy, always with respect to overall satisfaction.
• There is a significant negative correlation between overall satisfaction and MAE (r = -0.437), meaning that the higher the MAE value is (i.e., the lower the recommendation accuracy is), the lower the user overall satisfaction is. Moreover, there is a strong correlation between overall satisfaction and perceived recommendation accuracy (r s = 0,643). These correlations suggest that recommendation accuracy is important in determining user satisfaction.
• There is a significant, although not very strong, negative correlation between overall satisfaction and usefulness of the navigation through users (r = -0.373). This correlation means that users who are very satisfied with the system do not particularly appreciate navigating through users, and vice versa. This probably indicates that ''content-oriented'' users, who are satisfied with the system, find such a social networking-like navigation quite distracting, while ''social networking-oriented'' ones would probably like to have more possibilities of interacting with other users.
• There is no correlation between overall satisfaction and perceived usefulness of the navigation through tags: in fact, this last type of navigation was found very useful indiscriminately by all users.
As a second step, once correlations have been found among the overall user satisfaction and the system features, we performed a variance of analysis (one-way ANOVA) in order to better evaluate the effects of a given system feature (independent variable, or factor) on user overall satisfaction (dependent variable), any time a correlation was identified in the previous step.
Results with p = 0.0005, indicate that user satisfaction differs significantly across: 
Related work
Research topics related to iDYNamicTV include Interactive TV, innovative interfaces for TV interaction, personalization and recommendation of TV experience, Semantic Web and Web 2.0. We focus on works and projects which combine (some of) the above-mentioned areas, providing comparisons with our model.
First of all, users' interactions in iDYNamicTV follow the principles of Interactive television (iTV) paradigm [35] .
According to the iTV paradigm, TV content can be watched from several different devices, like PCs and mobile phones. Moreover, in this new scenario, users have a different role: they are no more passive spectators limited to select content, following pre-determined content policies and time scheduling [31] . On the contrary, they can actively select and acquire content independently of third parties' scheduling.
Several technologies and services developed so far aiming at improving the user experience by exploiting such new opportunities: Hybrid TV, which is defined as a detached technology that is being used together with the TV set in order to enhance its normal function and increase the interactivity; Internet TV, which could be described as audio-video streaming on the Internet; IPTV, which supplies regular programmes, both live or ''on-demand'', that can be seen on a TV set.; Mobile TV, which is defined as the use of television programmes on portable devices originally designed for other purposes (e.g., PDAs or cell phones).
iDYNamicTV follows the principles of iTV since it provides a multi-media setting, where television content can also be explored using a personal computer or a mobile phone. However, it extends the principles of iTV by defining a new paradigm, called Inter-tainment paradigm, in which new opportunities to entertain when exploring and discovering content on the Web using a computer interface are introduced. The aim is to create a continuum between the PC and television media, by sharing content, creating a personal space accessible on both media and exploiting the two media to provide a wide range of entertainment functionalities to the user, making her experience as rich as possible.
Concerning adaptation and recommendation, iDYNamicTV is a Web-based adaptive recommender system for television content. Recommenders are often classified [32, 33] into content-based recommenders [16] , collaborative recommenders [29 ] and hybrid recommenders [3, 13] . iDYNamicTV follows the content-based approach, since the selection of videos to be presented to the user is the result of the match between the attributes of the content and the attributes of the user profile, according to the content-based approach.
Some works have introduced personalization and recommendation into TV experience. For example, AIMED gives recommendations based on user properties such as Activities, Interests, Moods, Experience and Demographic information [25] ; Antoniou and van Harmelen [2] created the Personalized EPG benefitting from the exploitation of different user modelling methods, such as stereotypical suggestions, explicit user information and observation of the user behaviour; [5] proposed iFanzy, a personalized TV guide application aiming at offering users television content in a personalized and context-sensitive way. An example of commercially available TV recommenders is TiVo (http://www.tivo.com/), which uses an item-item form of collaborative filtering in order to produce recommendations [1] . TiVo recommender learns also by tracking which programs users choose to record and user feedback of ''thumbs-up'' or ''thumbs-down'' to indicate how they feel about TV shows.
With respect to these systems, the peculiarity of our approach concerns the use of tagging as a feedback to improve the user model and thus to refine recommendations. Moreover, in iDYNamicTV personalized networks of users to promote television content is automatically created by the system, based on the users' behaviour and on their models. For example, networks can be defined moving from the similarity of user models, or from users' behaviour, or from users' reputation.
Finally, when TV meets the Web, many web paradigms such as Semantic Web and Web 2.0 are applicable to TV content.
The Semantic Web paradigm suggests to exploit content by also considering their meaning. To this purpose, the content is annotated in a machine-readable way in order to be more easily processed and used for intelligent service provision (semantic applications). An example of application in which video content is semantically annotated is EucPersonalizedTv (http://www.w3.org/2006/07/SWD/ wiki/EucPersonalizedTvDetailed), which integrates content from IMDB, Wikipedia, Web-based TV Guides, Movie-list.com. The descriptions of these collections follow different metadata schemes and contain values from different controlled vocabularies. Other examples of Semantic Web applications in TV domain are Jinni (http:// www.jinni.com/signin.html), which exploits a Semantic Web engine for discovering movies; and AVATAR [7] , which emphasizes the advantages of using Semantic Web technologies in the development of an intelligent TV assistant.
Similarly, in iDYNamicTV content is annotated both automatically, by deriving metadata from external official sources [e.g., XMLTV (http://wiki.xmltv.org/index.php/ XMLTVProject)], and by experts and final users, which can add relevant missing metadata. In contrast from such applications, iDYNamicTV exploits a domain ontology as well as the Wordnet dictionary to provide a semantics to the terms used by users in the tagging process. The semantics of the terms adopted by users to annotate content and other users can provide interesting information for both user modelling and social networking.
Concerning Web 2.0, the idea of adding Web 2.0 features to classical TV experience was also proposed by other authors [4, 5] and few months ago MySpace expanded its online social network from computer to television set (http://tech.yahoo.com/news/afp/20090108/tc_ afp/usitinternettelevisionconsumerelectronicscesmyspace_ newsmlmmd).
In a Web 2.0 perspective, iDYNamicTV allows users to be participative not only in the fruition of content but also in their production. As soon as iTV actually becomes a social medium, viewers have the chance to move towards a new condition of prosumers or produsers (i.e., producer plus consumer) [10] , able to create, tag, comment and share their own content with the users partaking in their social networks or, more general, with other users.
Another feature of Web 2.0, apart from user-generation of content, is the social aspect. Interactive television systems allow also to rediscover the social dimension carried by the television in an innovative way. On the one hand, television can be used as a medium that supports remote communication, allowing users to talk and share content (pictures, movies) with relatives and friends that live faraway [21] , [25] . On the other hand, television content becomes drivers for a new form of sociability: on the one side interactive television is a ''virtual couch'' that allows distant people to communicate during the vision of a program [9] , on the other side it supports the creation of some kind of social networks [23] .
In the Web, most of social Web 2.0 applications in the domain of video content are video sharing applications, the systems which allow users to post any types of videos (from amateur videos to professional ones), and to annotate, comment, tag, rate and to share them with other users. There are more than 80 such commercial systems, the most popular being YouTube (http://www.youtube.com), DailyMotion (http://dailymotion.virgilio.it/gb), MegaVideo (http://www.megavideo.com/).
Specifically concerning the sharing of TV content, we can cite MySpaceTV (http://vids.myspace.com/), an area of MySpace dedicated to videos gathered from several TV channels; Veho (http://www.veoh.com/), a system which allows to watch TV videos inserted by users; Tu.TV (http:// www.tu.tv/canales/), a Spanish web site which allows users to upload and download videos and portions of TV content. Most of these systems also allow users to create communities linked by their interest in a particular topic. In particular, we can cite some experiments that apply some form of social support to media content. For example, [17] applied to YouTube a form of social support by means of social recommendations.
In a similar way, iDYNamicTV provides Web 2.0 functions, such as the possibility for users to upload and share videos, comment, rate, tag and add metadata to videos. Moreover, according to Web 2.0 vision, iDYNamicTV puts great emphasis on social networking: relationships among users and social dynamics are exploited in order to promote television content and to allow users to share their experiences with friends, users with similar tastes, users with similar behaviours.
Ideally, this should give rise to a sort of ''Word of Mouth Adaptation'' [18] , where users themselves recommend content to other users, through asynchronous or synchronous messaging. This is very useful since people often prefer to receive recommendations from friends or from trusted or similar users, rather than from an ''anonymous'' system.
Recently, adaptive applications which exploit Web 2.0. principles, Semantic Web, and adaptivity have started to be deployed. An example far from the TV domain is iCITY [14] , a social recommender of events. Concerning the TV domain, we can report the work of [12] , which provides TV recommendations using both content-based and social recommendations, the work of [34] , which investigates the integration of a movie folksonomy with a semantic knowledge base about user-movie rentals, with the aim of using such information to define a better user profile, and the work of [8] , a system which broadcasts user-generated videos in a mobile setting, merging personalization capabilities based on Semantic Web reasoning technologies and typical Web 2.0 features, such as sharing, annotating and rating items.
Although iDynamicTV shares some ideas with many of these approaches, it is unique in the sense that it merges all of them and tries to take advantage of the merge to push new ideas into each one of the research topics listed above. The case of the merge between user modelling and social networking is paradigmatic. Starting from concepts that are common to other approaches, we showed that the combination of the two areas provides new insights and new opportunities to each one of them. Social interaction helps in refining the user models while the user model supports the creation of new forms of social interaction. It is a positive feedback loop that allowed us to create many functionalities in iDynamicTV.
Conclusions
In this paper, we presented a new powerful Inter-tainment paradigm that supports multiple forms of content navigation, discovery and organization and which is an ideal cross-medial companion for interactive television.
The paradigm we propose envisions the combination of Web 2.0, social networking and user model-based personalization as a powerful mix to achieve the goal of efficient, amusing and not cumbersome experience of exploration, discovery and organization of content in interactive television. A similar mix proved to be very powerful in other applications, such as the exploration of repositories of cultural events, as suggested in [9] . The presence of the user modelling component is therefore central in the approach we are proposing, as it supports, on the one hand, the possibility of recommending content, and, on the other hand, the possibility of creating potentially interesting networks of users. In fact, users may get interesting suggestions from users that are similar to them, which is not possible in social systems where networks are not based on user models. The system we have described is a playground where these, and other, forms of navigation are experimented. A preliminary evaluation we conducted in the spring of 2009 with 50 subjects, selected among the target users of the system, allowed us to gather the first positive feedback with respect to the effectiveness and the quality of the user experience of the proposed paradigm. After a 2-week period, during which the users interacted with the system every day, they were asked to fill in a questionnaire aimed at collecting explicit opinions about (a) the overall user satisfaction and (b) the accuracy of the adapted content. Our results suggest that users were quite satisfied with the system as a whole and that they appreciated the different types of navigation, which were considered particularly useful for supporting the discovery of new interesting content in a serendipitous way. Moreover, recommendation accuracy (assessed by means of the well-known MAE metric) was also good.
Finally, notice that the system we designed is not conceived as a stand-alone one. First of all, it is the Web companion of an innovative approach designed by one of the partners of this project for the TV medium. Second, we believe that a specialized Web 2.0 system like the one we are designing should be connectable to other social media. For example, one may import in our system lists of friends from other social media like Facebook or, conversely, our system could be reachable from other social media, e.g., via a Facebook group.
